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INTRODUCTION
he efficiency and productivity of banks have been widely studied in the literature. For banks, efficiency implies improved profitability, large deposits (funds), better prices, quality services and greater safety in terms of improved capital buffer in absorbing risk (Berger, Hunter, and Timme, 1993) . Hence, the information obtained from the evaluation of the bank's performance may be used to improve its efficiency as well as to increase productivity. Overall, the analysis of banks' performance is important for European banking where Islamic banks are operating in parallel with conventional banks. Measuring the efficiency and/or productivity of Islamic banks in Europe provides evidence on the performance of Islamic banks as compared to European counterparties-conventional banks. It further contributes towards examining the validity, stability and viability of Islamic banking in a system that is driven by conventional regulations. This could also make European banks perceive Islamic banking as a profitable opportunity to generate new business rather than as a threat to existing business taking into consideration the uncomfortable opinion of some non-Muslims on Islamic values and principles.
Islamic banking is a worldwide phenomenon involving a variety of instruments. Previously, Islamic transactions and institutions made up a small part of the total banking industry. Recently, Islamic banks have significantly expanded their network and have been able to mobilize large amount of funds and upgrade many economic ventures. Given the differential behavior of the Islamic banks and the conventional banks 1 , there has been a question about the long run sustainability of Islamic banks, which in turn depends heavily on their economic efficiency. A bank is considered to be economically efficient if it exhibits technical efficiency. A bank is technically efficient if it produces the maximum output from a given set of inputs (Yotopulas and Lau 1973). 2 Despite the considerable development of the Islamic banking sector, there are still few studies that focus on the efficiency and productivity growth of Islamic banks, particularly in Europe. Past studies concentrated primarily on conceptual issues. In this paper, our primary contribution is to offer a comprehensive analysis of the efficiency and productivity changes of Islamic banking in Europe. We intend to identify financial and policy indicators that impact performance of Islamic banks. Due to the short history of Islamic banking in Europe and consequently lack of sufficient data, we utilize a sample period of 4-years, 2005 (2 years pre-crisis of 2007) through 2008, to examine the relative efficiency performance of the first and only Islamic commercial banks in Europe i.e. Bosna Bank International (BBI) in Bosnia -Herzegovina (BiH), and Islamic Bank of Britain (IBB) in the UK. More specifically, we compare their efficiency performance with small conventional banks in each country, on the one hand, and with small and large Islamic commercial banks from Gulf Cooperation Council (GCC)-States (i.e. Bahrain, Kuwait, Qatar, Saudi Arabia, United Arab Emirates, and Oman), Malaysia, Turkey and Azerbaijan, on the other hand. We further aim to measure the productivity changes of IBB and BBI in relation to small Islamic banks, within and outside the Muslim-majority countries, and also relative to small conventional banks in the UK and BiH respectively.
We first employ the non-parametric (DEA) technique to estimate the relative efficiency scores for Islamic and conventional banks over the sample period [2005] [2006] [2007] [2008] . Second, in order to measure the changes in productivity, we apply the Malmquist-DEA method to calculate the Malmquist Total Factor Productivity (TFP) indices. Third, the DEA-efficiency scores obtained from the first stage are used as dependent variables in the Ordinary Least-Squares (OLS) regression analysis in order to examine the effects of the environmental factors (variables that are neither considered inputs nor outputs such as: the bank's size and region, etc.) on each banks' performance. OLS is also utilized to check the robustness of the overall results obtained from DEA scores. Such an analysis is important both from operational as well as academic viewpoints. It displays the expansion potential for Islamic banks in a hybrid banking system, as well as showing guidelines implications for Islamic banks on how to improve efficiency and productivity growth.
The rest of the paper is organized as follows: Section 2 reviews the literature. Section 3 discusses the methodology and calculations of DEA first stage of analysis as well as calculations for the Malmquist index. It further considers the DEA-second stage analysis. Section 4 presents the empirical results. Finally, section 5 contains the concluding remarks. Sufian (2006) examines the efficiency of the Malaysian Islamic banks during 2001-2004 by using the DEA method. Findings suggest that the banks scale inefficiency outweighs pure technical inefficiency. This implies that Malaysian Islamic banks have been operating at a non-optimal level (scale) of operations. Results also show that the domestic Islamic banks have exhibited a higher technical efficiency compared to their foreign Islamic banks peers.
In 2007, Sufian extended his empirical work by directly examining the antecedents of the Malaysian Islamic banking sector's productivity changes over [2001] [2002] [2003] [2004] [2005] . The study employs the (MPI) to measure efficiency and technological changes. Findings suggest that the Malaysian Islamic banking sector has exhibited decline in productivity, largely due to the decline in technological advancement. Foreign Islamic banks have exhibited lower productivity levels compared to their domestic peers, and the domestic Islamic banks have exhibited higher productivity levels compared to their foreign peers, attributed to higher technological progress and efficiency levels.
There is a small body of empirical literature that offers comparisons of the financial and efficiency performance of Islamic and conventional banking, e.g. Rosly and Bakar (2003) , Samad (2004) , Yudistira (2004) and Limam (2001) . More recently, Johnes, Izzeldin and Pappas (2007) examined the efficiency for Islamic and conventional banks in the GCC-region during 2004-2007. They used financial ratio analysis (FRA) and the (DEA) method. Based on the FRA, Islamic banks were found to be less cost efficient but more efficient than conventional banks in revenue and profit. Results from the DEA reveal that the average efficiency in Islamic banks is lower than conventional peers. construction of the efficient frontier. This makes the method particularly useful in the case where prices are not available publicly or do not exist. Furthermore, DEA also does not require a behavioral assumption in situations where the producer's objectives differ or are unknown or unachieved. Moreover, DEA takes into account all inputs and outputs simultaneously as well as differences in technology and capacity. It then compares a decision making unit (DMU), each of the banks in our study, with the best-practice frontier peers.
There are two main approaches that have been widely used in banking literature to define inputs and outputs: the production approach and the intermediation approach. Under the production approach, banks use various labor and capital resources to provide different products and services to customers such as loans and deposits. Under the intermediation approach, banks are viewed as financial intermediaries that collect deposits and other loanable funds and then lend them as loans or other assets for profit.
In this paper, we adopt the intermediation approach because the main characteristic of Islamic banks is that they follow the principle of interest-free and profit-and-loss-sharing (PLS) in performing their business as intermediaries (Ariff, 1988) . Islamic banks employ the concept of participation in projects utilizing the funds at risk on a PLS basis. This certainly implies the importance of intermediary activities that Islamic banks perform (Yudistira, 2004) . We model Islamic banks as multi-product firms, employing three-inputs and producing twooutputs. The input vectors include: (1) total deposits and short term funding, (2) total expenses, and (3) total staff costs. On the other hand, the output vectors comprise: (1) total (non) interest-bearing loans and (2) total revenues. Table 4 in the appendix reports descriptive statistics of outputs and inputs of the commercial banks during the sample period.
Using DEA, we can estimate efficiency under the assumption of constant returns-to-scale (CRS) in the CCR-model, which was proposed by Charnes, Cooper and Rhodes in (1978) , and variable returns-to-scale (VRS) in the BCC-model which was initially developed by Banker, Charnes, and Cooper (1984) . 3 The CRS assumption is only appropriate when all DMUs are operating at optimal scale. Factors like imperfect competition and constraints in Islamic finance may cause our sample banks not to operate well at their optimal scale of operations. On the basis of the prior arguments and to account for the fact that the sizes of the banks in our sample vary greatly, ranging from large active banks to small banks, we estimate our model under the assumption of the BCC-model as suggested by Cooper, Seiford, and Tone, (2007) . Results obtained from this model are commonly called "pure technical efficiency (PTE) scores". This is because they are obtained from the model that allows variable returns to scale (VRS). Consequently, we'll be focusing in this paper on the PTE scores to examine the comparative performance of the selected banks.
Basically, when measuring efficiency using the DEA approach, there are two typical assumptions with regard to a bank's behavior: an input-oriented model, which is used to identify technical inefficiency as a proportional reduction in input usage, and an output-oriented model, where the technical inefficiency is measured as a proportional increase in output production. In this paper, we assume an output-oriented approach. Our preference for this measure is due to its reliability and as a better fit to our situation. Islamic banks operating under a competitive environment strive to offer the best possible products for their clients. Therefore, they are more likely to sustain their competitive advantage by increasing their outputs production rather than reducing the input usage.
DEA efficiency estimates, however, can be biased. Alirezaee, Howland, and van de Panne, (1998) argue that the smaller the number of DMUs is, the higher the probability the units will be overestimated. However, this is not an issue in our research design because our sample size is large enough. We follow Cooper, Seiford, and Tone, (2007) and Darrat Topuz, and Yousef, (2002) who suggest the product of inputs times outputs should optimally be less than the sample size (I*O<n).
Additionally, one of the assumptions to apply DEA is that the DMUs must be homogenous units; they should be performing the same tasks and should have similar objectives. This fits well with our sample because the operation of Islamic banking is the same as that of conventional banking except that Islamic banking operates in accordance with the rules of Shari'ah. However, both Islamic and conventional banks operate with the same essential goals of earning a profit and benefitting society, even if there are some differences in how they reach these goals. In our paper, we use cross-country bank-level panel data compiled from non-consolidated income statements and balance sheets of 23 Islamic banks in 10 countries. We also derive data from 12 small conventional commercial banks in BiH and the UK, six from each country ( Table 1) . Our study differs from others in a few key aspects. We first compare the efficiency performance of IBB, the first British stand-alone full-fledged commercial Islamic bank in the west, and BBI, the first Islamic commercial bank in Bosnia and Herzegovina, against 12 small and 9 large Islamic commercial banks from Muslim-majority countries. We then employ the inter-bank comparison approach to compare the efficiency performance and productivity change of IBB against 6 small conventional banks 4 The number of banks is reduced mainly due to the exclusion of: i) the new banks that are not older than 5 years , ii) all banks other than the commercial banks, and iii) banks whose financial statements were consolidated with their parent banks 
3.2.
The empirical specifications
DEA is defined as a linear programming technique that compares multiple outputs and inputs used by firms (DMUs) and generate relative efficiency scores. DMUs with an efficiency score of unity are considered relatively efficient and make up the frontier, while those with a score below unity are relatively inefficient (Berger and Humphrey, 1997) . To measure the efficiency of a given DMU, Charnes, et al. (1978) propose the use of the maximum of the ratio of weighted outputs (y) to weighted inputs (x), subject to the condition that similar ratios for all other DMUs be ≤ 1. license. However, oldest bank is not necessarily the oldest in history, but the well-developed, the fastest-growing, and the leader in pioneering new and a wide range of financial products and services. Thus, it is generally accepted that the IBB is considered as the first stand-alone full-fledged Islamic commercial bank in the western world. Also, the UK is considered to be the hub of Islamic banking and has the most active and developed Islamic banking sector in Europe which helps the IBB to become more mature compared with BBI. In Bosnia-Herzegovina there is no stock market, and thus BBI cannot emulate the IBB in seeking additional equity finance through having a listing on a local Alternative Investment Market.
Where is an arbitrary small positive number introduced to ensure that all of the known inputs and outputs will have positive weights. When h o = 1, then the DMU o is efficient; otherwise it is inefficient. However, if inputs are being used ineffectively, then we will have input slack (input-excess), and conversely we will have output slack (output-shortfall). Slack represents the improvements needed to make an inefficient unit become efficient and thus, all input slack and output slack must be equal to zero. These improvements are in the form of an increase/decrease in inputs or outputs. In this paper, we utilize the multi-stage (MS)-DEA methodology (Coelli, 1996) , where the outputs from one process can be used as the inputs for the next process, allowing a sequence of radial linear programs in order to identify the efficient projected point for the treatment of slacks. This method is computationally rigorous and more demanding than the one and two-stage methods (Coelli, 1998 ).
The DEA -Malmquist Productivity Index -MPI
There are several different methods that could be used to measure the distance function which make up the Malmquist index. 6 Färe, Grosskopf, Lindgren, and Roos, (1992) construct the DEA-based Malmquist productivity index as the geometric mean of two Malmquist productivity indexes of Caves, Christensen and Diewert, 1982. An important feature of the DEA-Malmquist productivity index is that it can be decomposed into two components: one measuring change in relative technical efficiency (TEch) (how the units being examined have managed to catch-up to the frontier) and the other one measuring change in technology innovation (TECch).
The Malmquist productivity index can be used to identify productivity differences between two firms or one firm over two-time periods (Caves, Cristensen, & Diewert, 1982) . Malmquist index numbers can be defined using either the output or the input-oriented approach. This study adopts the output-oriented Malmquist index to measure the contributions from the progress in technology and efficiency change to the growth of productivity in Islamic commercial banks. The output-oriented productivity measures focus on the maximum level of outputs that could be produced using a given input vector and a given production technology relative to the observed level of outputs. This can be achieved using the output distance functions. Caves et al. (1982) show how distance function can be used to define Malmquist indices of productivity change. Färe, Grosskopf, Lindgren, & Roos (1989) show that the output-based Malmquist productivity index between time periods (t) and (t + 1) can be defined as follows (Omar et al. 2006 ):
Where the notation " " represents the distance from the period (t+1) observation to the period (t) technology, while (x) and (y) indicate the input and the output, respectively. It measures productivity change from period (t) to period (t+1) using period (t) technology as a benchmark. The second ratio is the period (t+1) Malmquist index and it measures the productivity change from period (t) to period (t+1) using period (t+1) technology as a benchmark. Having a value of (M) greater than one denotes productivity growth (progress or improvement), a value less than one indicates productivity decline (regress or deterioration),while a value of unity corresponds to stagnation (no change). Färe, Shawna, Mary, and Zhongyang (1994) show that the MPI can be decomposed into two components as follows:
The first ratio of Eq. 6 measures the relative technical efficiency changes (TEch) (i.e. movement toward the frontier) from years (t) to (t+1). The second term inside the squared brackets (geome-tric mean of the two ratios) captures the shift in technology or technological changes (TECch) (i.e. shifts in the frontier itself) between the two periods evaluated at (x t ) and (x t+1 ). Färe et al. (1994) further decompose the technical efficiency change (TEch) component into a pure technical efficiency component and a scale efficiency component as follows: 6 The Malmquist productivity index (MPI) is often seen as the real driver of growth within an economy. It is used to measure firms' productivity growth. MPI does not require the profit maximization or cost minimization assumption, and information on the input and output prices. Where PTE ch *SE ch = change in technical efficiency (TEch). PTEch measures the relative ability of the DMUs to convert inputs into outputs. It is defined as the ratio of the own-period distance functions in each period under VRS. SEch, on the other hand, captures changes in the deviation between the VRS and CRS technology. It measures to what extent the DMUs can take advantage of returns to scale by altering its size towards optimal scale (Färe et al. 1994 ). However, changes in SE may be caused by: i) changes in the shape of technology, ii) changes in the location of the bank in the input/output space between (t 1 ) and (t 2 ), or a combination of (i) and (ii). While any change in the PTE is caused by a movement of the bank relative to the existing technology (Hassan, 2005 ).
The DEA-second-stage analysis : OLS-regression approach
In order to account for the macroeconomic effects on banking efficiency, we adjust the sample data for differences among countries by deflating all variables using the Consumer Price Index (CPI). We also perform the two-stage method to test the statistical association of the efficiency estimates, obtained from DEA model-1 to model-4, with variables that are neither considered inputs nor outputs and also to determine their influence on the bias-corrected efficiency scores. Thus, after solving for DEA, the efficiency scores are regressed upon the environmental variables which could potentially influence the efficiency of a bank (Sufian and Zulkhibri, 2008 ).
In the DEA method, the dependent variable has an upper limit of 100%. Therefore, it is a censored variable. If such censoring is the only concern, then Tobit regression could be used. However, we have to deal with biases caused by inefficiency. Consequently, Tobit regression is not valid (Kumbhakar and Lovell, 2000) . McDonald (2009) advocates using (OLS) in the DEA 2-stage because it is considered a consistent estimator. In our paper, we examine the following econometric regression model:
Where the subscript (j) refers to a bank, and the subscript (t) refers to a sample year. The dependent variable s) is the bank's pure technical efficiency (DEA PTE ) which is regressed on a set of common explanatory variables (Table  7 -appendix). In this paper, the efficiency of Islamic banks based on binary comparisons is analyzed. Consequently, two regression models (E1 and E2) were basically measured. The first model (E1: model-M1 and model-M2) measures the relative efficiency of IBB and BBI against small and large Islamic banks from Muslim countries, respectively. The second model (E2: model-M3 and model-M4) investigates the relative efficiency performance of the IBB and BBI against small conventional banks in the UK and Bosnia respectively. Empirically, in E2, we replaced the predictor variable ( by the predictor variable (β 11 DIVER jt ). This is basically in order to test if Islamic banks generally enjoy a lower diversification benefit than their conventional counterparts.
EMPIRICAL RESULTS
In this section, we first introduce the results pertaining to the efficiency scores (mainly DEA PTE scores because we originally estimate our model under the assumption of DEA-VRS) of IBB and BBI relative to the small and large Islamic banks in Muslim countries and also relative to the small conventional banks in the UK and BiH respectively ( Table 2 ). This is followed directly by the presentation of the results obtained from the comparative analysis of the productivity growth of IBB and BBI relative to small Islamic banks from Muslim-majority countries (Table 3) . We then discus the progress in productivity of BBI and IBB relative to a carefully selected sample of conventional banks in BiH (Table 5 ) and in the UK, respectively (Table 6 ). Finally, we present the results of the DEA-second stage analysis of efficiency performance. 
4.1. Cross-country analysis of banks efficiency performance: DEA-based analysis Table 2 .1 illustrates the DEA-efficiency scores: overall efficiency (Crste), pure technical efficiency (DEA PTE ) and scale efficiency (DEA SE )) of IBB and BBI relative to small Islamic banks from Muslim-majority countries (model-M1). Results show that both banks have pure technical efficiency scores of less than 1 (DEA PTE <1) in each sample year, and thus, are identified as relatively technically inefficient compared to other Islamic banks in model-M1. Results also suggest that, despite being technically inefficient relative to all small Islamic banks from Muslim majority-countries, both, IBB and BBI, exhibit an upward trend in DEA PTE scores. Therefore, they have substantial room for improvements to sustain a competitive edge in the Europe. Overall, it is clear that BBI seems to perform slightly better (closer to the best-practice frontier) than IBB in terms of the average (DEA PTE ) (Chart 1-appendix).
Scale efficiency scores for individual banks-(DEA SE ) in model-M1 (Table 2 .1) show that the IBB experiences a decreasing returns-to-scale (DEA DRS ) (so-called diseconomies of scale). This implies that the bank is too large (and has supra-optimum scale size) to take full advantage of scale, and so it should simply shrink certain outputs (i.e. total non-interest bearing loans and total revenues), because we primarily assume an output-oriented model. In contrast, BBI has an increasing return-to-scale (DEA IRS ) implying that the bank is too small for its scale of operations and thus operates at sub-optimum scale size. BBI is scale inefficient due to its potential to achieve much higher levels of outputs in BiH. BBI could, however, improve its efficiency by scaling up operations and activities. Results also show that the DEA SE of BBI and IBB is higher than the banks ' 7 This demonstrates that the overall technical inefficiency appears to be largely due to pure technical inefficiency rather than scale inefficiency. Based on these results, and due to the fact that the DEA PTE captures the management practices while the DEA SE reveals whether or not the bank operates under optimal size, it seems that the banks inefficiencies are mostly due to poor management.
In comparison with large Islamic banks in model-M2 (Table 2 . < 1) . Surprisingly, BBI is slightly better able to operate closer to its efficient frontier than IBB (Chart 2-appendix). However, unlike BBI, IBB shows an overall upward trend of DEA PTE scores over the sample period (e.g. DEA PTE (2006) =65.8%, DEA PTE (2007) =70%, and DEA PTE (2008) =86.9%). By and large, both banks report a low DEA SE compared to DEA PTE and consistently achieve a DEA IRS over the sample period. Such results imply that they suffer most from the non-optimal level (size) of operations.
We measure the comparative efficiency scores of BBI versus small conventional banks in BiH banking industry in model-M3 (Table 2 .3 and Chart 3-appendix). Results confirm the previous findings and show that the bank is, by and large, inefficient and its mean performance is at the lower end of the spectrum of small banks. BBI operates at increasing returns to scale (DEA IRS ), suggesting that the bank is relatively small compared to its counterparties-conventional banks. Meanwhile, the bank's DEA PTE is higher than DEA SE and thus, its overall inefficiency appears to be mostly due to scale (size of banks operation) rather than pure technical inefficiency (management practices).
Similarly, we measure the comparative efficiency scores of IBB against small conventional banks in the UK in model-M4 (Table 2 .4 and Chart 4-appendix). Results reveal that IBB fails again to appear on the efficiency 7 Secondarily, in order to further extend the explanation of results concerning the efficiency performance of Islamic banks in Europe, results from Table 2 .1 also illustrates that the Islamic banks from Turkey (geographically speaking, Turkey belongs to Europe) achieve efficiency scores of less than 1 over the first 3-years. In contrast, in 2008, they become increasingly more efficient. The DEA PTE for these banks is, on average, higher than DEA SE consequently, bank's inefficiency was attributed largely to scale inefficiency and to a lesser extent to the pure technical inefficiency. However, our analysis shows that the Turkish Islamic banks are more efficient than BBI and IBB. For example in 2005, the DEA PTE for IBB and BBI is 30.7% and 24.3% compared to 76.1% and 89.3% for Albaraka Turk bank and Kuveyt Turk bank, respectively. Turkish Islamic banks record a DEA DRS over the sample years. This indicates that they could improve their own efficiency by scaling down activities because they are too large for the volume of operations they conduct. http://www.cluteinstitute.com/ © 2012 The Clute Institute frontier over the years 2006-08, and hence is identified as inefficient. In contrast to BBI, IBB operates at a DEA DRS (diseconomies of scale-too high scale of operation) throughout the sample period. Meanwhile, pure technical (in)efficiency dominates scale (in)efficiency (SE 05-08 >PTE 05-08 ). Based on that, IBB is said to be technically inefficient largely due to "bad" management and to some extent because of the non-optimal size of operations.
Overall, results from model-M1, M2, M3, and M4 show that the DEA PTE 
4.2.
Cross-country analysis of banks productivity growth: DEA-based MPI analysis
In this section, we focus on productivity changes with respect to the 14 small Islamic banks operating within and outside Europe (model-M1). Tables 3.1 to 3.3 report the estimated values of the Malmquist-based total factor productivity (TFP) index, along with its two subcomponents: changes in technical efficiency (TEch) and changes in technological efficiency (TECch). Subtracting 1 from the reported results yields an average percentage increase or decrease per annum. . By specifically analyzing the efficiency performance of "old" versus "new" banks, 9 findings suggest that some large banks from Muslim countries, such as Albaraka Turk, Kuveyet Turk, and QIIB, have been able to achieve a positive productivity growth TFPch of 4%, 1.4%, and 7.7%, respectively. Strikingly, some of the newer banks, particularly from Europe, achieved a much higher TFP growth. For example, BBI exhibits an average increase (growth) of 24.8% in TFP 2005-08 mainly due to high average growth rate (progress) of 2.9% (Table 3. 2) in technological efficiency (TECch). This suggests that the desirable increase in TFP of the BBI should be primarily based on technology innovation rather than the improvement in technical effciency. However, IBB, in contrast, produces an average decline (negative growth) of TFP 2005-08 = -3.6% (calculated as 1 -96.4%) driven mostly by the significant regress of 29.8% (calculated as 1 -70.2%) in the bank's TECch (Table 3. 2). 8 Our analysis shows that Kauther bank is a special case. It is efficient because it receives unit efficiency scores over the sample years in model-M1. But because the bank has the smallest inputs and outputs, it has no peers to which it can be compared, and thus, it is considered as efficient 'by default'. All other banks in our sample have comparable units except Kauther bank. The bank is self-identified as 100% efficient not because it dominates other banks but because there are no other banks with which it is comparable. This, however, indicates that Kauther bank is not truly (should not be regarded) efficient relative to other banks in the sample. 9 The bank's age is calculated from the date of incorporation until the 1 st of 2010. For the purpose of our study, banks that are not older than 10 years (Age ≤10 years) are considered new. Otherwise, they are considered as old banks. aggregate technological inefficiency. For example, while many banks show a negative TECch growth in 2007-08, BBI and IBB show an upward trend in TECch, proving their ability to get closer to the productivity frontier with high TECch scores of 95.4% and 92.8% respectively. Table 3 .3 displays changes in the relative technical efficiency (TEch) for each individual bank. Results show a considerable variation across banks and years. On average, BBI is relatively technically efficient with mean score of 1. Kauther bank records the highest efficiency change of 16.7%, followed directly by IBB with average efficiency scores of 15.3%. Such results illustrate that the Islamic banks from Europe perform relatively better than some of those operating in Muslim-majority countries despite the legal obstacles and economic restrictions, such as the conventional banking regulations and the lack of uniform standards of credit analysis, which may put these banks in a challenging situation. This could be due to the fact that the Islamic banks from Muslim countries, either small or large, are relatively larger (in terms of total asset) than Islamic banks that are operating in Europe. Therefore, they tend to engage in more complex Islamic-compatible products and services, which could negatively affect the banks' relative efficiency levels. Overall, findings show that the Islamic banking sector has been in a downward trend in technical efficiency from 2005-07 but, surprisingly, shows a quick recovery in 2007-08 despite the global financial and economic crisis which commenced in 2007. Table 3 .4 presents the decomposition of the technical efficiency change into two subcomponents namely: pure technical efficiency change (PTEch) and scale efficiency change (SEch). The table clearly shows that the PTEch is higher than the SEch in 2005-06 and 2006-07. This implies that the technical inefficiency change for the Islamic banking sector is primarily driven by scale inefficiency (non-optimal size of operations). In contrast, SEch is higher than PTEch in 2007-08, which suggests that the technical inefficiency in Islamic banks, as they become mature, is more than likely due to the managerial factors, such as shortage of Islamic finance expertise versed in Shari'ah law. Overall, it seems that the growth in TFP for Islamic banking sector is largely contributed by PTEch rather than SEch (average SEch=99.1% < average PTEch=106.3%). This indicates that the size of the bank does matter in affecting productivity changes and implies that the banks future growth in TFP could be based on the size of the bank's operations.
4.3.
Inter-bank analysis of banks productivity growth: DEA-based MPI analysis
The banking industry in Bosnia and Herzegovina
The results in Table 5 .1 show that the BBI records the highest value in total factor productivity growth (TFPch) for 2005-06 relative to all counterparties-conventional banks. But it gradually loses its superiority over other banks and is unable to maintain its number one position in subsequent years. Overall, the bank still retains the highest mean TFPch over sample years.
Concerning the analysis of banks TECch (Table 5. 2), findings suggest that all conventional banks in BiH experience both technology progress and regress. Surprisingly, BBI consistently exhibits a technology progress during the sample period. More specifically, BBI records a positive growth of 5.2% in 2005-06, 22.3% in 2006-07 and 7.4% in 2007-08. BBI records also an average growth rate of 11.6% (1.116 -1) compared with an average TECch of 8.1% (calculated as: (1+1.1+1.307+1.022+1.128+0.927)/6) attained by (all) counterparties-conventional banks. These results, however, suggest that the high factor productivity growth achieved by average banks in Bosnia's banking sector, including the BBI, as observed in (Table 5 .1) is largely attributed to the technological efficiency rather than technical efficiency. Overall, findings show that the highest growth in mean TFP, TECch, and TEch was achieved by banks other than the BBI. This growth was largely driven by banks' optimal scale of operations. The relative superiority of (some) conventional banks over BBI may re-emphasize the important role of the conventional economic restrictions and the lack of legal support and effective prudential regulations on affecting the efficiency performance of Islamic banks in BiH. ) . More specifically, IBB suffers a sharp decline of 7.3% (calculated as: 1-92.7%) in the technical efficiency performance in 2007-08 after two years of good and consistent performance. By and large, results clearly illustrate that the IBB is still nascent and lagging behind its counterparties-conventional banks in the UK financial system with an overall mean TEch of -2.4% (calculated as: 1-97.6%). Table 6 .4 summarizes the changes in the two components of bank's technical efficiency in the UK. The UK conventional banks, on average, have a low SEch relative to its PTEch (i.e. PTEch 05-08 =100.9% > SEch 05-08 =99.9%, IBB is excluded from calculation), indicating that the sector's technical inefficiency is largely scale in nature rather than managerial. In contrast, IBB records the highest deterioration of -6.9% (1-93.1%) in PTE in 2007 and 2008. It also records a low deterioration rate of -0.5% (1-99.5%) in SE for the same period. This suggests that the size of IBB operations appears to be less important source to further technical efficiency growth as compared to the PTEch, which is primary driver of the IBB inefficient performance.
The banking industry in the UK
Overall, results suggest that the average growth of 1.8% in TFPch (Table 6 .1), 1.6% in TECch (Table 6. 2), and 0.30% in TEch (Table 6. 3) in the UK banking sector (conventional and Islamic) is more likely due to management efforts rather than the scale component. More specifically, on average, IBB records the lowest average growth of -12.5% in TFPch, which is driven mainly by the bank's average technological (TECch) regress of -10.1%. However, the TEch contribution to the bank's low growth in TFPch is relatively minor.
Adjustment to the environmental differences: OLS-regression results
The second-stage DEA analysis reveals a different set of findings. In contrast to the DEA-efficiency results, which suggest that the bank size has no significant predictable effect on its efficiency, the second-stage DEA analysis shows that the bank size has a significant positive relationship with DEA PTE efficiency scores, in model -M2, (t = 2.743, p = 0.05). 10, 11 This indicates that the larger Islamic banks have inevitably higher DEA PTE . The large size promotes technical efficiency by inducing economies of scale to reduce average total costs. Large size is also anticipated to enable banks to be more diversified in an uncertain macroeconomic environment, to mobilize more funds and hence generate high returns to its depositors, and to finance a large number of profitable investment opportunities.
In testing the relationship between leverage and efficiency performance, we find a significant positive relationship in model-M3 (small conventional banks) with (t = 1.856, p < 0.10). This illustrates that small conventional banks with high levels of leverage are more efficient. A high leverage or a low capital adequacy reduces the agency cost and increases a bank's efficiency. Thus, the high performing banks acquire more debt (Ross, 1977) . The leverage also allows small banks to make a lot of safer loans and therefore plenty of investment returns.
Another important finding is the regression coefficient between the obtained DEA scores and the financial ratios (ROA and ROE). Interestingly, the analysis reveals a statistically significant 1212 relationship between the variables in model-M1 (t = 2.243, p < 0.05), in model-M2 (t = 2.437, p < 0.05), and in model-M3 (t = 2.089, p < 0.10). Findings illustrate that the more profitable Islamic (small and large) and conventional banks are more efficient. Such results suggest that the various measures of efficiency are strongly associated with the traditional accounting measures of performance, which are always considered as useful tool for comparing one bank against another, and hence are robust and not 'valueless' artifacts of our advanced techniques.
To assess the effects of the skills utilization on the bank's efficiency, we use the human management as proxy. Results show a statistically significant relationship between efficiency scores and staff utilization variables in model-M2 (t = 7.939, p<0.001). The results suggest a strong link between increased investment in skills and the positive efficiency trends in the large Islamic banks. In contrast, the same explanatory variable does not have a significant influence on promoting efficiency for conventional banks.
The proxy for economic conditions (GDP) displays a positive and significant relationship with DEA PTE in model-M1 (t = 2.257, p < 0.05), and in model-M2 (t = 2.239, p < 0.05). Such a result indicates that the favorable macroeconomic conditions seem to stimulate higher efficiency. This is due to the fact that the excessive demand for Islamic financial services tends to grow as economies expand.
To control for the effects of the geographical region on banks' efficiency, the predictor (GEO.) is used. Results suggest that small Islamic banks from Europe exhibit a much better performance compared with large Islamic banks operating in Muslim countries (t = 2.138, p<0.05-model-M2) in spite of the restrictions and conventional regulations in the UK banking industry. It is significantly more complex for Islamic banks to adjust their credit risk monitoring system as they become bigger. Large banks tend to engage in more PLS arrangements compared to small banks, and thus, monitoring schemes becomes more diverse, which could consequently reduce banks efficiency (Čihák and Hesse, 2008) .
To capture the effects of liquidity and the absence of an international inter-bank money market for Islamic banks on their overall efficiency, the independent variable (liquidity) is used. Results reveal a significant negative relationship between the liquidity predictor and the DEA PTE in the context of conventional banking system in model-M3 (t=-1.891, p<0.10). This indicates that conventional banks that accumulate a significant amount of liquid 10 In practice, the application of both regression and DEA on the same data set often produces strikingly different efficiency results, particularly in the small samples which are prevalent in regulated industries (Cubbins, and Tzanikadis, 1998) . Results regarding the effects of banks 'diversification on the DEA PTE scores reveal insignificant inverse relationship. It appears that there is no significant difference between Islamic and conventional banks in term of product diversity. This finding, nevertheless, does not support the prevailing belief that Islamic banks generally enjoy a lower diversification benefit than their conventional counterparts because they enjoy limited set of investments opportunities due to the Shari'ah restrictions.
Additionally, with regard to the impact of the age of a bank on efficiency, results show insignificant negative coefficients in all models. This suggests that new banks can be as efficient as old banks. However, the negative direction in the relationship between the two variables suggests that older banks are not necessarily flexible enough to make the rapid adjustments to changing circumstances as opposed to new banks which are considered more entrepreneurial.
In order to estimate the effects of the bank's market share on efficiency, we use the bank's de-posits as a proxy. Results reveal a statistically insignificant negative relationship between the two variables. The insignificant correlation between the two variables, theoretically, suggests that the more efficient banks may have either a lower or higher market share, implying that banks with small market share can be at least as efficient as the market prominent banks are.
The proxy of bank's loans intensity shows a statistically insignificant positive relationship with DEA PTE . This illustrates that small banks with higher loans-to-assets ratios might have either higher or lower efficiency scores. As a result, small banks' loans seem not to be valued more than alternative banks outputs. Eventually, the estimation of the lack of independency factor that is used to capture the impact of a bank's dependency on its efficiency reveals an insignificant relationship with DEA PTE . This indicates that there is no evidence that a bank's independence is related to high efficiency.
CONCLUSIONS
Based on DEA-efficiency scores, our findings suggest that the Islamic Bank of Britain (IBB) and Bosna Bank International (BBI) are technically inefficient compared to small and large Islamic banks in Muslim countries and small conventional banks in the UK and Bosnia (BiH) respectively. Banks' inefficiency, by and large, stems from inefficient management compared with small Islamic banks. In comparison with large Islamic banks, the relative inefficiency of IBB and BBI becomes rather scale in nature. In comparison with small conventional banks, the non-optimal size of operations becomes more significant to explain the relative inefficiency of BBI, but in case of IBB the poor management plays more considerable impact on its inefficiency.
Our findings indicate that the BBI displays, despite its inefficiency, higher average efficiency scores than IBB, and thus is better able to operate closer to the efficient frontier. IBB, in contrast to BBI, exhibits not only lower efficiency scores, but also unstable trends in its overall performance. Specifically, while the bank provides a strong growth potential by recording a sustained upward trend in estimated efficiency as compared with other Islamic banks, it strikingly, shows a negative trend in efficiency levels over the sample period as compared with conventional banks.
Results pertaining to the Malmquist Productivity Index indicate that the BBI yields a positive growth in total factor productivity, mainly due to the progress in technical efficiency. The bank also achieves an impressive technological-(innovation) progress. This trend subsequently reverses, apparently because of the adverse market conditions. In contrast, IBB, as well as Islamic banking sector, suffers a negative growth in total factor productivity, driven, to a large extent, by the regress in banks' innovation. Findings further reveal that, in contrast to the entire Islamic banking sector, both, IBB and BBI, experience a remarkable growth in technical efficiency prior to the 2007 crisis, but they are exposed to a significant decline after the emergence of the crisis, primarily due to a lack of management skills. Nevertheless, on average, IBB and BBI produce overall better substantial growth in technical efficiency compared to some other Islamic banks.
In comparison with conventional banks in the BiH banking sector, BBI gradually loses its superiority in both total factor productivity and technical efficiency, but still retains a high mean growth rate in both indices over the years. Overall, the improvements in management practices appear to be a less important source for further growth in the BBI's technical efficiency as compared to the optimal size component. Moreover, compared to conventional banks in the UK, IBB records higher average deterioration in total factor productivity growth driven by the bank's average (mean values at the end of 4-sample years) innovation regress. However, a continuing upward trend is found in the IBB's innovation over time. In terms of technical efficiency changes, IBB is lagging behind its counterparties banks, mainly due to inferior management.
In terms of the DEA-second stage analysis, findings illustrate that the more efficient Islamic banks are larger in size, have greater profit potential, acquire lower levels of debt and have increased investment in required skills. Furthermore, a more efficient use of banks resources is highly associated with a higher GDP-per capita. 1.024 *All numbers in are in Million £ after deflation. ** Kauther bank in Azerbaijan, BBI and IBB in Bosnia -Herzegovina "BiH" and the UK respectively, are found to have the lowest value of outputs and inputs. This is simply due to the fact that these banks are newly established in Europe. Table 6 & 7   Table 6 . MPI-Productivity growth : IBB in comparison with small conventional banks in the UK. The proxy of lending intensity= total loans to total asset. (+): loans are the main source of revenue. β 11 DIVERjt (E2) * i) One of the important assumptions underlying the OLS regression method is that the explanatory variables are (linearly independent). As a rule of thumb if r≥0.70 between variables they should not both appear in the equation. To test for Autocorrelation (except for dummies), we use: Tolerance, VIF and Durbin-Watson statistics. As a result of the test using (SPSS-17) it is clear that the Tolerance is >0.20, VIF <5, and the D-W is around (very close) to 2, which indicates the absence of Autocorrelation, and thus ,the Multi-co linearity does not appear to be a serious problem. ii) We apply the Scatter plots and Skewness statistics. As a rule of thumb, |s| > 1 indicates potentially serious non-normality) to test for both linearity and normality. We find that these assumptions have almost certainly been met. However, when nonlinear relationships are thought to be present, investigators typically seek to model them in a manner that permits them to be transformed into linear relationships. iii) Despite the fact that the multiple regression procedures are not greatly affected by minor deviations from the assumptions of linearity and normality (normal distribution contains only linear relationships between variables) of data, we use non-linear transformation (Logarithm Transformation for all variables, except dummies) to meet the previous main assumptions and to produce more accurate results. iv) In order to get rid the negative values for a variable, we added a constant to move the minimum value of the distribution above 0, preferably to 1.00. Hence, we use log+4 in our analysis to transfer the logarithms results to positive numbers. vi) For the original data values that include negative numbers, it is not possible to apply many nonlinear transformations (the log of a negative number is undefined). In this situation we added a constant to all data values that make them positive. As a rule of thumb, we add the smallest constant that will convert the largest negative data value to a value greater than 1. v) Our OLS-regression analysis shows a strong correlation between the observed values of the response variables and the values predicted by the model (all models) (R 2 > 60%). Eventually, using the ANOVA Tables, we clearly reject the null hypothesis and conclude that at least one of the predictors is related to the efficiency scores. This means that the models have been estimated are not only theoretically construct but exists and statistically significant (i.e. M1, 
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